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THE EFFECTS OF A CM EPS BATTERY FAILURE D U R I N G  LOAD SHARING 

AND OF A FUEL CELL FAILURE AT LAUNCH FOR AS-501 

By Walter S c o t t ,  Guidance and Performance Branch, 

and C .  M. Seabourn, TRW Systems 

SUMMARY 

This r e p o r t  analyzes t h e  e f f e c t s  of a f a i l u r e  during load  shar ing  
of b a t t e r y  B of t h e  CSM e l e c t r i c a l  power system (EPS) a t  t h e  end of  t h e  
f i r s t  SPS burn during t h e  AS-501 mission. 
a f f e c t  t h e  mission u n t i l  CM/SM separa t ion  p r i o r  t o  e n t r y  because power 
i s  a v a i l a b l e  from t h e  f u e l  c e l l s  on t h e  SM. However, without t h e  SM 
f u e l  c e l l s  after separa t ion ,  t h e  failure of b a t t e r y  B would reduce t h e  
CM bus vol tages  t o o  much t o  r e l i a b l y  opera te  t h e  e l e c t r o n i c s  requi red  
f o r  a G&N con t ro l l ed  r een t ry .  

Such a fa i lure  would not  

If a s i n g l e  f u e l  c e l l  f a i l u r e  occurs a t  launch, t h e r e  w i l l  be suf-  
f i c i e n t  power i n  t h e  two remaining c e l l s  t o  continue t h e  mission. If, 
i n  add i t ion  t o  the  f u e l  c e l l  failure, b a t t e r y  B fa i ls  a t  t h e  end of t h e  
f i r s t  SPS burn, t h e  e f f e c t  on r een t ry  i s  e s s e n t i a l l y  t h e  same as f o r  
t h e  fa i lure  of b a t t e r y  B only.  

If i n i t i a l  charge status on the  b a t t e r i e s  were increased  from 
40 amp-hr t o  50 amp-hr, t h e r e  would be s u f f i c i e n t  energy i n  t h e  one 
remaining b a t t e r y  f o r  r een t ry ,  but bus vol tages  would s t i l l  be t o o  low 
t o  guarantee a con t ro l l ed  r een t ry .  

INTRODUCTION AND ASSUMPTIONS 

This s tudy was made t o  determine t h e  c a p a b i l i t y  of t h e  spacec ra f t  

(Fa i lu re  of  b a t t e r y  A would present  an i d e n t i c a l  
t o  perform reen t ry  following t h e  f a i l u r e  of t he  CSM-EPS b a t t e r y  B during 
t h e  f i r s t  SPS burn. 
problem.) 
t h e  CSM EPS. 
budget f o r  t h e  nominal AS-501 mission ( r e f .  1). Reference 2 established 
t h e  guide l ines  f o r  t h i s  s tudy.  The following assumptions were v a l i d  f o r  
t h i s  s tudy.  

The ana lys i s  w a s  performed using a computer s imulat ion of 
This program (AESOP-11) w a s  used t o  produce t h e  consumables 
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1. The f a i l u r e  of b a t t e r y  B during load shar ing removes power 
from b a t t e r y  bus B ,  which provides t h e  power t h a t  con t ro l s  t h e  load 
shar ing of b a t t e r y  bus B with CM bus B, and b a t t e r y  C with CM bus A .  
Therefore,  f a i l u r e  of b a t t e r y  B would not permit t h e  removal of bat- 
t e r y  C from load shar ing with CM bus A. 

2. The i n i t i a l  charge of each b a t t e r y  i s  40 amp-hr. 

3. The prelaunch mission requirements reduced t h e  charge of bat-  
t e r i e s  A and B t o  27.31 amp-hr and b a t t e r y  C t o  35.80 amp-hr a t  launch. 

4. The t imel ine  used f o r  t h i s  study w a s  t h e  same as t h a t  used i n  
t h e  consumables ana lys i s  f o r  t h e  nominal AS-501 mission ( r e f .  1). 

5.  Bat tery B f a i l e d  a t  t h e  end of  t h e  f i r s t  SPS burn. 

6. Inve r t e r  3 i s  switched t o  CM bus A a t  separa t ion  t o  p ick  up 
t h e  a l te rna t ing-cur ren t  power load dropped by i n v e r t e r  2 on CM bus B. 
(No power i s  supplied t o  CM bus B a f t e r  s epa ra t ion . )  

7. The b a t t e r i e s  were assumed t o  be depleted when t h e  charge 
s t a t u s  became 0 amp-hr. 

RESULTS 

Figure 1 presents  a s impl i f i ed  p i c t u r e  of t h e  battery-bus-motor 
switch configurat ion.  Only one motor switch i s  shown; however, t h e r e  
i s  a similar switch operat ing o f f  b a t t e r y  bus A. The f a i l u r e  of ba t -  
t e r y  B during t h e  f i r s t  SPS burn causes b a t t e r y  C t o  be l e f t  on CM 
bus A i n  load shar ing with t h e  f u e l  c e l l s .  

The mission power p r o f i l e  i s  nominal u n t i l  t h e  b a t t e r y  B f a i l u r e  
occurs. 
shown i n  f igu re  2.  A t  t h e  end of t h e  f i r s t  SPS burn, during load shar- 
ing a b a t t e r y  B f a i l u r e  w a s  simulated.  
bus A f o r  t he  remainder of t h e  mission s ince  power had been removed from 
b a t t e r y  bus B which suppl ies  power t o  t h e  motor switch c o n t r o l l i n g  re- 
moval of  ba t t e ry  C from load shar ing.  
occurs w a s  3 h r  29 min. Figure 3 presents  t h e  b a t t e r y  vol tage  as a 
func t ion  of t h e  contingency t ime l ine .  The s i g n i f i c a n t  events a r e  noted 
on t h e  curves. Figure 4 descr ibes  t h e  b a t t e r y  A cur ren t  p r o f i l e  f o r  
r een t ry .  
progresses .  

This can be observed by examining t h e  b a t t e r y  cur ren t  p r o f i l e  

This l e f t  b a t t e r y  C on t h e  CM 

The mission t ime a t  which t h i s  

Figure 5 shows t h e  charge s t a t u s  of b a t t e r y  A as t h e  mission 
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It should be noted t h a t  the  charge s t a t u s  of b a t t e r y  A becomes 
negat ive a t  about 1 .6  minutes p r i o r  t o  splashdown, ind ica t ing  deple t ion  
a t  0 amp-hr. 

A t  t h e  poin t  a t  which t h e  charge s t a t u s  of b a t t e r y  C becomes 
0 amp-hr, it i s  turned o f f  t o  simulate deple t ion .  
50 min i n t o  t h e  mission. The f u e l  c e l l s  then  ca r ry  t h e  f u l l  power load 
f o r  t h e  remainder of t h e  mission u n t i l  CM-SM separa t ion  except during 
t h e  second SPS burn during which b a t t e r y  A i s  load shar ing .  

This occurs a t  6 h r  

A t  t h e  second SPS burn, ba t t e ry  A ,  t h e  only one remaining, i s  
aga in  switched on t h e  l i n e  i n  load shar ing.  
f i l e  of a s i n g l e  b a t t e r y  i n  load shar ing  during a primary AV maneuver. 
These curves show t h a t  t h e  load on b a t t e r y  A i s  qu i t e  heavy during the 
burn. 

Figure 6 presents  a pro- 

Of prime importance, however, a r e  t h e  b a t t e r y  and main bus vol tages .  
Figures  7 and 8 ( a )  show t h e i r  respec t ive  p r o f i l e s .  
CM bus A vol tage f o r  t he  time from separa t ion  t o  splashdown. A t  separa- 
t i o n  t h e  peak load on b a t t e r y  A lowers t h e  CM bus vol tage  t o  approximately 
25.2 v o l t s .  This vol tage i s  low enough t o  cause CM e l e c t r i c a l  system 
f a i l u r e s .  

Figure 8 ( b )  dep ic t s  

Figures 9 and 10  present  f u e l  c e l l  vo l tage  and cur ren t  p r o f i l e s  
f o r  t h e  contingency s i t u a t i o n .  These p r o f i l e s  a r e  nominal except f o r  
t h e  per iod  i n  which b a t t e r y  C remains on t h e  l i n e  i n  load  shar ing.  

A s  an a l t e r n a t e  procedure for  t h i s  contingency, an add i t iona l  study 
w a s  made i n  which b a t t e r i e s  A and C were both l e f t  i n  load  shar ing  f o l -  
lowing t h e  f a i l u r e  of b a t t e r y  B. Using t h i s  conf igura t ion ,  both bat- 
t e r i e s  A and C a r e  depleted p r i o r  t o  CM/SM separa t ion  ( 6  h r  41 min and 
7 h r  41 min, r e spec t ive ly ) .  Therefore,  no spacecraf t  b a t t e r y  power i s  
a v a i l a b l e  a f t e r  separat ion t o  perform reen t ry .  

CONCLUSIONS 

Reentry with one 40 amp-hr ba t t e ry  cannot be accomplished because 
t h e  CM bus vol tage i s  too  low t o  r e l i a b l y  operate  some of t h e  e l ec t ron ic s  
r equ i r ed  f o r  a G&N reent ry .  If 50 amp-hr b a t t e r i e s  a r e  used, b a t t e r y  C 
would s t i l l  be depleted before  CM/SM separa t ion ,  leav ing  b a t t e r y  A t o  
perform reen t ry .  Bat tery A would r e t a i n  s u f f i c i e n t  energy f o r  r een t ry ;  
however, t h e  low bus vol tage problem would not be changed by increas ing  
t h e  charge t o  50 amp-hr. 
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It should be pointed out t h a t  t h e  l o s s  of b a t t e r y  C i s  not t o o  
se r ious  s ince  both b a t t e r i e s  A and B can s t i l l  be switched on o r  o f f  
the l i n e  and can be used f o r  r een t ry .  
vo l tages  t o  be kept up t o  a t o l e r a b l e  l e v e l  f o r  r een t ry .  

This would al low t h e  CM bus 

A s i n g l e  f u e l  c e l l  fa i lure  a t  launch w i l l  not  a f f e c t  t h e  primary 
mission,  because t h e r e  w i l l  be  s u f f i c i e n t  power i n  t h e  two remaining 
f u e l  c e l l s  t o  continue t h e  mission. The fa i lure  of b a t t e r y  B i n  addi- 
t i o n  t o  t h e  fue l  c e l l  failure would have e s s e n t i a l l y  t h e  same e f f e c t s  
as t h e  f a i l u r e  of only b a t t e r y  B. That i s ,  t h e  l o s s  of both b a t t e r y  B 
and a f u e l  c e l l  i s  no more de t r imenta l  t o  mission success than  t h e  
s i n g l e  f a i l u r e  of b a t t e r y  B. 
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